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FAST  OPTICAL  POSITION-SENSITIVE  DETECTOR  FOR  McPHERSON  ESCA-36 


X-ray  photoelectron  spectroscopy  (XPS)  is  a  valuable  technique  for 
surface  analysis  because  it  provides  information  about  chemical  oxidation 
states  as  well  as  elemental  composition  of  the  surface  layers.  A  major 
drawback  to  XPS  is  the  low  count  rate  and  consequent  long  periods  of  time 
needed  for  analysis.  This  requires  stringent  vacuum  conditions  and  causes 
sample  damage  from  long  x-ray  exposures.  In  recent  years  various  multichannel 
detection  systems  using  pulse-counting  techniques  have  been  applied  to  XPS 
spectrometers  to  Increase  the  speed  of  analysis. This  note  is  a 
description  of  the  addition  of  a  time-integrating  optical  position-sensitive 
detection  system  to  a  GCA/McPherson  ESCA-36  spectrometer.  This  new  detection 
system  operates  approximately  250  times  faster  for  equivalent  signal- to-noise 
ratio  than  the  original  single-channel  ESCA-36  multiplier. 

A  schematic  diagram  of  the  modified  ESCA-36  spectrometer  is  given  in 
Fig.  1.  Photoelectrons  emitted  from  the  sample  pass  through  a  slit  and  a 
system  of  baffles,  then  enter  a  spherical-sector  electrostatic  analyzer.  The 
electrons  are  dispersed  in  the  field  of  the  analyzer,  which  is  given  by5 


where  r  is  the  radial  position  of  the  electron,  Vj  and  V£  are  the  potentials 
applied  to  the  inner  and  outer  spheres,  respectively,  and  Rj  and  R2  are  the 
radii  of  the  spheres.  Thus  electrons  exit  the  analyzer  at  different  points 
along  the  exit  aperture  depending  on  their  energy;  this  dispersion  function 


Fig.  1.  Schematic  Diagram  of  GCA/McPherson  ESCA-36  with  Optical  Position- 
Sensitive  Detector 


has  been  measured  experimentally.  This  equation  neglects  fringe-field 
effects,  which  are  small  for  the  ESCA-36  analyzer  geometry.^ 

The  single-channel  electron  nultiplier  that  Is  standard  with  the  spectro¬ 
meter  was  replaced  by  a  channel  electron  multiplier  array  (Galileo  Electro- 
Optics  Corporation.  CEMA  No.  6025),  which  has  a  gain  of  up  to  10^  and  a 
spatial  resolution  of  12  pm.  The  CEMA  is  followed  by  a  phosphor  screen  and  a 
lens  system  that  focuses  the  optical  image  on  a  vldicon  TV  camera  (Princeton 
Applied  Research,  No.  1205D).  The  vldicon  has  500  channels  that  are  aligned 
such  that  each  channel  corresponds  to  electrons  exiting  the  analyzer  with  an 
approximately  constant  energy.  The  vldicon  output  is  time  averaged  by  an 
optical  multichannel  analyzer  (Princeton  Applied  Research,  No.  1205A)  that  is 
Interfaced  to  the  PDP8/e  computer  that  controls  spectrometer  operation.  A 
schematic  diagram  of  the  Interface  is  given  in  Figure  2. 

Extensive  software  development  was  necessary  to  use  the  new  detection 
system.  The  program  task  concerned  with  analyzer  control  and  data  acquisition 
was  rewritten  in  three  sections  to  utilize  the  new  potential  of  the  instru¬ 
ment.  Each  of  the  three  sections  controls  a  different  possible  mode  of  spec¬ 
trometer  operation:  slit  mode,  one-for-one  mode,  and  snapshot  mode  (Fig.  3). 

In  the  slit  mode,  the  computer  Ignores  the  output  from  the  vldicon  except 
for  the  central  few  channels,  thus  mimicking  a  single-channel  electron  multi¬ 
plier.  The  number  of  channels  selected  for  the  "slit”  can  be  adjusted,  per¬ 
mitting  optimization  of  the  trade-off  between  maximum  resolution  and  maximum 
count  rate.  Unlike  many  x-ray  photoelectron  spectrometers,  the  ESCA-36  does 
not  have  a  retarding  field  at  the  analyzer  entrance,  so  the  analyzer  sphere 
voltages  are  stepped  in  small  increments  to  produce  a  spectrum,  exactly  as 
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Fig.  3(b).  Schematic  Diagram  of  Interface  Between  Detector  and  Computer 


with  a  single-channel  detector.  This  mode  resulted  in  no  significant  speed 
advantage  over  the  original  detector  for  similar  resolution  and  signal-to- 
noise  ratio. 

In  the  one-for-one  mode,  the  output  from  each  of  the  500  channels  is 
simply  considered  one  data  point.  The  display  does  not  have  a  linear  energy 
scale  because  the  instrument  dispersion  function  is  not  taken  into  account. 

The  one-for-one  mode  was  used  to  determine  the  dispersion  function  by 
measuring  the  number  of  channels  between  peaks  whose  energy  separation  (in 
electron  volts)  is  well  known.  The  dispersion  function  is  fitted  to  the  form 

A(E)  «  a  E  +  b 

where  A(E)  is  the  energy  (in  electron  volts)  per  channel,  E  is  the  kinetic 
energy  of  the  electron,  and  a  and  b  are  constants.  Thus  as  the  kinetic  energy 
Increases,  A(E)  Increases,  and  a  larger  energy  range  is  observed  in  the  500 
channels . 

The  snapshot  mode  uses  all  the  channels  and  corrects  for  the  dispersion 
function.  Thus  the  result  is  a  true  XPS  spectrum  with  a  linear  energy  scale; 
however,  the  result  is  obtained  much  more  quickly  than  in  the  slit  mode.  If 
the  specified  region  of  interest  is  not  contained  in  500  channels,  additional 
snapshots  can  be  taken  with  the  appropriate  sphere  voltage  settings  calculated 
by  the  computer  to  assure  matching  of  the  energy  scale.  The  ordinates  of 
adjacent  snapshots  do  not  match  exactly  because  the  scattered  electron  back¬ 
ground  signal  is  slightly  different  for  each  sphere  voltage  setting.^  A 
smooth  baseline  may  be  produced  by  stepping  the  sphere  voltage  in  increments 
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of  A(E),  thus  "dragging"  the  spectrum  across  the  detector.  Each  successive 
snapshot  is  added  to  the  previous  total,  with  the  computer  adjusting  the 
energies  to  ensure  proper  overlap  and  a  linear  scale.  The  method  is  similar 
to  the  slit  mode  because  the  sphere  voltage  is  changed  by  small  amounts;  how¬ 
ever,  because  all  500  channels  of  the  detector  are  used,  a  speed  advantage 
still  results. 

Spectra  of  Pb  and  Au  taken  before  and  after  installation  of  the  position- 
sensitive  detection  system  are  shown  in  Fig.  4.  The  analysis  times  have  been 
adjusted  to  produce  spectra  with  equivalent  signal-to-noise  ratio.  The  new 
detection  system  produces  spectra  in  10  sec  that  took  45  min  to  produce  using 
a  single-channel  detector;  this  is  a  factor  of  about  250  Increase  in  speed. 
X-ray  exposure  of  samples  is  much  shorter  with  the  new  detection  system,  so 
more  sensitive  samples  can  now  be  observed.  Surface  reactions,  as  well  as  the 
progress  of  x-ray  damage  and  in  situ  diffusion  through  thin  layers,  can  be 
examined  if  they  occur  over  time  spans  of  at  least  several  minutes. 

If  speed  is  sacrificed  by  using  longer  data  accumulation  times,  improved 
sensitivity  can  be  obtained.  Very  small  samples  can  be  analyzed.  Typical 
spectra  of  a  0.1  cm^  HgCdTe  wafer  before  and  after  Installation  of  the  posi¬ 
tion-sensitive  detector  are  shown  in  Fig.  5.  All  spectra  are  unsmoothed.  In 
addition,  the  sensitivity  to  surface  constituents  can  be  extended  to  1%  of  a 
monolayer.  Thus,  the  Increase  in  analysis  speed  provided  by  the  optical 
position-sensitive  detector  enables  useful  measurements  to  be  made  where  only 
marginal  results  or  no  results  were  available  before. 


14 


Spectra  with  Equivalent  Signal-to-Noise  Ratio  Taken  Before  and  After 
Installation  of  Position-Sensitive  Detector,  (a)  Pb.  (b)  Au 
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LABORATORY  OPERATIONS 


The  Laboratory  Operations  of  The  Aerospace  Corporation  is  conducting  exper¬ 
imental  and  theoretical  investigations  necessary  for  the  evaluation  and  applica¬ 
tion  of  scientific  advances  to  new  military  space  systems.  Versatility  and 
flexibility  have  been  developed  to  a  high  degree  by  the  laboratory  personnel  in 
dealing  with  the  many  problems  encountered  In  the  nation's  rapidly  developing 
space  systems.  Expertise  in  the  latest  scientific  developments  is  vital  to  the 
accomplishment  of  tasks  related  to  these  problems.  The  laboratories  that  con¬ 
tribute  to  this  research  are: 

Aerophyslcs  Laboratory:  Launch  vehicle  and  reentry  aerodynamics  and  heat 
transfer,  propulsion  chemistry  »nd  fluid  mechanics,  structural  mechanics,  flight 
dynamics;  high-temperature  thermomechanics,  gas  kinetics  and  radiation;  research 
In  environmental  chemistry  and  contamination;  cv  and  pulsed  chemical  laser 
development  including  chemical  kinetics,  spectroscopy,  optical  resonators  and 
beam  pointing,  atmospheric  propagation,  laser  effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  chemical  reactions,  atmo- 
spheric  optics,  light  scattering,  state-specific  chemical  reactions  and  radia¬ 
tion  transport  In  rocket  plumes,  applied  laser  spectroscopy,  laser  chemistry, 
battery  electrochemistry,  space  vacuum  and  radiation  effects  on  materials,  lu¬ 
brication  and  surface  phenomena,  thermionic  emission,  photosensitive  materials 
and  detectors,  atomic  frequency  standards,  and  bloenvlronmental  research  and 
monitoring. 

Electronics  Research  Laboratory:  Microelectronics,  CaAs  low-noise  and 
power  devices,  semiconductor  lasers,  electromagnetic  and  optical  propagation 
phenomena,  quantum  electronics,  laser  communications,  Ildar,  and  electro-optics; 
communication  sciences,  applied  electronics,  semiconductor  crystal  and  device 
physics,  radiometric  Imaging;  millimeter-wave  and  microwave  technology. 

Information  Sciences  Research  Office:  Program  verification,  program  trans¬ 
lation,  performance-sensitive  system  design,  distributed  architectures  for 
spaceborne  computers,  fault-tolerant  computer  systems,  artificial  intelligence, 
and  microelectronics  applications. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metal  matrix 
composites,  polymers,  and  new  Forms  of  carbon;  component  failure  analysis  and 
reliability;  fracture  mechanics  and  stress  corrosion;  evaluation  of  materials  in 
space  environment;  materials  performance  in  space  transportation  systems;  anal¬ 
ysis  of  systems  vulnerability  and  survivability  in  enemy-induced  environments. 

Space  Sciences  Laboratory:  Atmospheric  and  ionospheric  physics,  radiation 
from  the  atmosphere,  density  and  composition  of  the  upper  atmosphere,  aurorae 
and  alrglow;  magnetospherlc  physics,  cosmic  rays,  generation  and  propagation  of 
plasma  waves  in  the  magnetosphere;  solar  physics,  infrared  astronomy;  the 
effects  of  nuclear  explosions,  magnetic  storms,  and  solar  activity  on  the 
earth's  atmosphere,  ionosphere,  and  magnetosphere;  the  effects  of  optical, 
electromagnetic,  and  particulate  radiations  In  space  on  space  systems. 


